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Methods
The patients were scheduled for routine plastic operations, mostly about the face and neck; they were aged from 15 to 65 years, and both sexes were equally represented. Most were given levorphanol 1-2 mg and atropine 0-4-0-6 mg one hour pre-operatively. A few had promethazine also, and some only atropine. Anesthesia was induced with 2-5 % thiopentone and maintained with nitrous oxide and oxygen, usually with 30-50% oxygen. In most cases 0-5-15% halothane was added through a Fluotec vaporizer. Suxamethonium was used for tracheal intubation in all cases and muscular paralysis was maintained with decamethonium. Hypotension was produced by intermittent intravenous injection of pentolinium or trimetaphan, preceded in the more recent cases by an intravenous injection of guanethidine. A head-up body tilt of up to 28 degrees was employed. Positive airway pressure was applied as necessary to obtain the hypotension and bloodless field desired (Enderby 1958) .
Blood pressure was measured via an 18-gauge needle in either the brachial or femoral artery, in the first 20 cases on a multi-channel Ediswan recorder, and later on a Grass polygraph. Intraarterial blood pressures were compared with oscillometric readings at the opposite brachial artery. Airway pressures were measured via a plastic catheter placed in the endotracheal tube, the tip at the tracheal end, and recorded on the polygraph. The ECG (lead 2) was recorded. Tidal and minute volumes were obtained from a Wright anemometer inserted proximal to the 'This work was supported (in part) by Grant H-6428 from the National Institutes of Health, United States Public Health Service; by a Fellowship award from the Commonwealth Fund, New York; and by the Department of Anwsthesia of the Queen Victoria Hospital, East Grinstead, Sussex, where it was carried out. endotracheal tube. Oxygen and carbon dioxide tensions and pH measurements were determined in blood and air samples by means of an electrode system incorporating a Clark electrode for oxygen, a Severinghaus electrode for carbon dioxide, and a Cambridge continuous flow electrode for hydrogen ion concentration.
Results
The pressures recorded intra-arterially and those estimated clinically showed that the most common error was for the anesthetist to overestimate pressure. One tended to overestimate pressure by an average of 15 mm Hg, another by 8 mm Hg. The overestimation was somewhat greater at higher blood pressures. The experienced antsthetist tended to overestimate, while the less experienced erred equally in over-and underestimation.
Most often, when the surgeon and the anmesthetist were satisfied with the dryness of the surgical field, the recorded brachial pressures were 65 mm Hg or below, and often at or below 60 mm Hg for periods of 70 minutes. In one 21year-old male, the brachial artery pressure was below 40 mm Hg for 7 minutes and below 46 mm Hg for 13 minutes, being below 70 mm Hg for 70 minutes in all. At the end of operation he quickly regained consciousness, without evidence of cerebral hypoxia afterwards.
In two patients simultaneous measurements of blood pressure from two arteries were obtained; in one from the carotid and femoral arteries with the patient tilted head up, and in the other from the femoral and brachial arteries with the patient tilted head downwards. These measurements confirmed the usually accepted practice of subtracting or adding 2 mm Hg for each inch an artery is above or below heart level, respectively.
During hypotension the arterial blood oxygen tension was usually 100 mm Hg or more. In the early investigations, CO2 tensions were often well above normal. Three patients developed protracted runs (7 to 11 minutes) of ventricular extrasystoles at the conclusion of anesthesia, presumably as the high CO2 tension began to fall. Arterial blood samples were withdrawn after the appearance of extrasystoles in all 3 cases, revealing pCO2 levels at least twice normal in each case. In 2 of these, ventilation had been assisted with a high mean airway pressure throughout the respiratory cycle. In the other, respiration was spontaneous and generally unassisted. In each patient, total gas flows had been 4-6 1./min. As Section ofAna?sthetics a result, the anmsthetist instinctively increased the ventilation to 12-15 l./min; hypocapnia with values of pCO2 between 20 and 40 became common but satisfactory hypotension seemed more difficult to achieve, possibly because of an increased venous tone due to hypocapnia and increased intrathoracic pressure, thus preventing peripheral pooling of blood (Watson 1961) .
The influence of positive airway pressure on physiological dead space was studied by analysing samples of arterial blood, inspired and mixed expired air, all drawn simultaneously, for CO2 tension while measuring minute volume at a constant rate and with reasonably constant tidal volume (Nunn & Hill 1960) . As mean airway pressure was raised, physiological dead space increased. There may have been an increase in anatomical dead space as well as a change in ventilation/perfusion ratios. In some, there was a one-way valve system at the attachment of the breathing tubes to the endotracheal tube, and in others only the valves at the circle filter head of the Boyle machine were used. In the former, the ratio of dead space (including equipment dead space) to tidal volume was consistently lower than in the latter, suggesting an efflux of expired gases backward into the inspiratory tube.
Ganglionic blocking agents and head-up tilt caused the expected blood pressure fall (although seldom below 65 mm Hg) and increased pulse rate. A raised airway pressure usually caused a further drop in blood pressure; phasic changes in blood pressure usually appeared, blood pressure tending to increase as airway pressure decreased. The greater the difficulty in keeping the pressure down, the more apparent the phasic variations. Occasionally, when considerable airway pressure was applied, the arterial pressure tracing indicated evidence of intermittent suppression of systolic pulse waves, suggesting that venous return was so retarded that left ventricular filling was inadequate and stroke volume was too low to develop a significant pulse wave. In one patient in whom adequate hypotension could not be obtained in spite of an airway pressure of 30-40 mm Hg, venous pressure rose above airway pressure, thus presumably preventing the peripheral pooling of blood. In most patients, release of airway pressure resulted in a prompt rise in systemic blood pressure even though body tilt was maintained. In only one patient did blood pressure fail to return promptly to within usual limits when the operating table was levelled, but no untoward effects resulted.
The ECG provided no definite evidence of myocardial hypoxia during hypotension. The changes observed could be ascribed to changes in body position and vector alterations associated with increased intrathoracic pressure. The E.ffects ofthe Technique upon the Cerebral Circulation We measured an average difference in height between the brachial artery and the ear of8-10 in., implying a cerebral arterial pressure of about 16-20 mm Hg less than the recorded brachial pressure.
In over 9,000 cases reported by Enderby (1961) , one died from 'cerebral complications ... possibly the result of the hypotension', and another developed a left-sided hemiplegia with 'an almost complete recovery'. During our investigations approximately 350 patients were subjected to the hypotensive technique. None showed detectable mental changes except the one operated upon in the head-down position who was disorientated for two days post-operatively, probably owing to the barbiturate she had been receiving. In view of our findings, statements that cerebral necrosis will occur if systolic blood pressure falls below 50 mm Hg do not seem warranted (Wyke 1960) .
During acute drug-induced hypotension, with a 30-40 degree head-up tilt, cerebral blood flow is decreased by an average of about 40% with a concomitant increase in oxygen extraction from the blood without an appreciable change in the cerebral metabolic rate for oxygen (Finnerty et al. 1954 ).
Recently we have obtained thirty measurements of oxygen and carbon dioxide tensions in samples of blood drawn simultaneously from the jugular bulb and the brachial or femoral arteries. In 8 patients, the initial sample of cerebral venous blood was drawn at the conclusion of plastic facial operations while hypotension was still present. The average systolic blood pressure was 61 mm Hg, the average body tilt was 25 degrees in the head-up position, and the hypotension had lasted 40-70 minutes; all but 3 had exceeded 65 minutes. The average arterial oxygen tension was 127 mm Hg (81 to 203), while the cerebral venous oxygen tension was 26 mm Hg (10 to 51). The average arterial carbon dioxide tension was 35 mm Hg (26 to 42), while the cerebral venous tension was 48 mm Hg (34 to 87). The influence of the carbon dioxide tension upon the dissociation of oxygen in the tissue must be taken into account. If correction was applied for the arterial pCO2, the cerebral venous blood averaged 53% saturation (variation 13 to 85 %).
The average systolic blood pressure was 57 mm Hg in 5 patients when the first cerebral sample was obtained, and 87 mm Hg when the second one was drawn after the blood pressure was allowed to rise (table horizontal). The average P02 in cerebral blood rose from 32 to 61 mm Hg. This compared favourably with the one patient whose jugular blood P02, after normotensive anasthesia, was 56 mm Hg. Two findings suggest that the cerebral vascular bed may be maximally or almost maximally dilated:
(1) In 4 patients with the tilt and hypotension maintained after the first jugular and arterial samples were withdrawn, carbon dioxide was deliberately allowed to accumulate, and second samples of blood were then withdrawn. Arterial PCO2 rose from 34 to 45 mm Hg, on the average, but in three instances cerebral oxygen remained the same or decreased. In the fourth patient, the P02 rose from 32 to 44 mm Hg, and in one normotensive patient, whose arterial pCO2 was increased from 37 to 63 mm Hg, jugular P02 rose from 56 to 64 mm Hg.
(2) Changes in pressure within the jugular bulb:
In one of our most recent investigations, after withdrawal of a jugular venous blood sample at the end of operation, with the patient tilted and hypotensive, we were surprised to find that the pressure in thejugular bulb reached the amazingly high level of 20 mm Hg while the arterial level at the brachial artery was 50/33 mm Hg. When the arterial manometer head was raised to brain level to compensate for hydrostatic differences, we found the arterial level to be 37/24 mm Hg, with jugular level of 24/18 mm Hg. With a further lowering of systemic pressure, arterial blood pressure at brain level fell to 27/16 mm Hg, and jugular pressure was 21/15 mm Hg.
These findings suggest considerable cerebrovascular dilatation. To test the thesis further, when the patient had been returned to the horizontal position, we deliberately increased arterial pCO2. Jugular bulb pressure increased concomitantly although not strikingly. This was followed by deliberate hyperventilation with the arterial pCO2 declining. This led to a decrease in jugular pressure.
